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CHAPTER I 
INTRODUCTION 
The apple phylloplane is inhabited by bacteria, yeasts, 
yeast-like organisms, and filimentous fungi. How each 
microorganism obtains its nutrients and what its effects are on 
the apple leaf, determines whether that organism is a saprophyte, 
a parasite, or an epiphyte. Saprophytes obtain their nutrients 
for growth and survival from dead and dying tissues. Parasites 
endure by invading healthy tissues for their nutrients—often to 
the detriment of that tissue. Epiphytes either multiply on the 
surface of the healthy shoot system(resident), or grow 
saprophytically on foreign debris on the plant(transient)(Leben 
1964). Either way that epiphytes survive, they have no noticable 
affect on the plant, and they are not capable of producing 
disease. Also, intermediates exist and many microorganisms may 
change their group over time. 
From a phytopathological veiwpoint, it is valuable to know 
the succession of micro-organisms on the phylloplane, what factors 
affect their survival, and what interactions may exist between the 
different micro-organisms. This is especially true of the apple 
phylloplane since most commercial apple varieties are susceptible 
to numerous plant pathogens.' Several bacteria and many fungi are 
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capable of causing diseases of the shoot system. Plant pathogens 
invariably compete with the phylloplane microflora for nutrients 
and space. In manageing the diseases caused by those pathogens, 
two interesting questions arise; "what effects do the management 
strategies have on the microflora?", and "can we use the 
microflora to manage the diseases?". 
Several researchers have developed some extensive answers to 
these questions for commercial apple varieties(Andrews & Kenerley 
1977. 1979; Hislop & Cox 1969; Pennycook & Newhook 1982; 
Stadelmann 1978). However, recently several apple varieties have 
been developed with varying resistance to the major apple 
diseases, especially apple scab, caused by Venturia inaequalis 
(Cke.) Wint. Since these varieties require little or no disease 
management strategies, different micro-organisms are likely to 
colonize the phylloplane. This research focused on the disease 
resistant varieties with attempts to determine the following 
objectives: 
1) Determine the quality and quantity of the microflora on the 
phylloplane from dormant bud until leaf fall for two disease 
resistant varieties(Liberty and Nova Easy-gro) and one 
disease susceptible variety(McIntosh). 
2) Determine the change in phylloplane microflora on each variety 
during conditions optimum for the apple scab fungus(V. 
3 
inaequalis). 
3) Screen all organisms obtained from the apple phylloplane from 
dormant bud until leaf fall for antagonistic properties to 
the V. inaequalis in vitro . 
CHAPTER II 
LITERATURE REVIEW 
Introduction 
Nonparasitic microorganisms have been of interest to 
phytopathologists since 1909 when Potter(1909) wished to determine 
their relation with the diseases incited by fungi on the leaf 
surface. At about that time, Smith(1911) reported on the 
difficulties with the isolation of bacterial pathogens from 
diseased parts of plants, stating that nonpathogenic bacteria 
living on the plant surface were important contaminants. However, 
until the 1950's, the study of nonparasitic microflora of living 
plants was mainly centered on microorganisms associated with 
roots. 
The leaf surface microflora was first brought to attention 
when Last(1955) investigated the ecology of the 
Sporobolomycetaceae on cereal folige and Ruinen(1956) examined the 
nitrogen fixing bacterium Beijerinckia on tropical foliage in 
Indonesia. As a result of those investigations, Last and Ruinen 
simultaneously choose the term "phyllosphere" to describe the 
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milieu on the surface of leaves. Later, Last and Deighton(1965) 
suggested to restrict this term to the zone surrounding the 
leaves, and use the term "phylloplane” when referring to the 
actual leaf surface. 
Microorganisms inhabiting the phylloplane include bacteria, 
yeasts, yeast-like organisms and filimentous fungi. Organisms 
that obtain their nutrients for survival and reproduction directly 
from the host, and to the detriment of the host are called 
parasites. Often parasites are host specific, and invade only 
distinct species or members of closely related groups. 
Phylloplane inhabitants that only obtain their nutrients from dead 
or dying leaves that are still attached to the living plant are 
called saprophytes. Saprophytes are generally not species 
specific. Those members of the microflora inhabiting the leaf 
surface and deriving nutrients not considered belonging to the 
plant and that are not capable of producing disease are called 
epiphytes. There are two types of epiphytes; residents and 
casuals. 
Resident epiphytes are capable of multiplying on the surface 
of healthy living leaves, with no noticable effect on the plant. 
Casuals are those epiphytes that are inactive and on the plant 
accidently, or that may be growing saprophytically on foreign 
debris on the plant. There may be intermediates to the above 
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groups, and microorganisms can have different phases, depending on 
factors such as the environment, leaf age, and the changing leaf 
susceptibility with time. 
The qualitatitive and quantitative composition of the 
phylloplane microorganisms are dependent on such factors as leaf 
age(Last 1955 and Dickenson 1967). plant species(Ruinen 1961 and 
Kerling 1964), and environmental conditions, the relative humidity 
being more important than temperature(Last 1955 and Leben 1965). 
The presence of pollen is likely to add nutrients to the 
phylloplane, and thus alter the microflora(Fokkema 1973). Certain 
fungicides that are applied for specific pathogens have a wide 
range of effects on the microflora of the phylloplane(Hislop and 
Cox 1969 and Andrews and Kenerley 1978), and microflora inhabiting 
leaf scars(Swinburne, Flack and Brown 1975). 
Otther importabnt factors that affect the phylloplane 
microorganisms include competition for nutrients and antagonism 
amongst the microorganisms. BlakemanC1978) has shown that the 
phylloplane is a "scarcity in the supply of available nutrient 
levels". Often nutrient levels are only on the order of a few ug 
of simple sugars and amino acids per ml of leaf droplet solution. 
When conidia of Botrytis cinerea Pers. ex Fr. were added to 
drops on leaves, the supply of amino acids in that droplet greatly 
increased. A leakage of nutrients from the conidia, allowed the 
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establishment of larger populations of epiphytic bacteria than 
that of bacteria in water drops alone(Blakeman and Fraser 1971)* 
A significant reduction in the germination of cinerea conidia 
was thus blamed on a nutrient stress imposed by bacterial 
utilization of the spore’s nutrient reserves. Data from 
Sztejnberg and Blakeman(1973) verified this, as the addition of 
nutrients reversed the effect, allowing germination of the 
conidia. 
In contrast to those studies, Leben and Daft(1967) found that 
bacteria increased rapidly in drops on cucumber leaves, but 
apparently did not affect germination or appressoria formation of 
Colletotrichum lagenarium. However, examination (Brodie and 
Blakeman 1975, 1976) of radiotracer movement between bacteria and 
B. cinerea conidia on beetroot leaf drops, showed that the 
products of primary leakage from conidia(lost in the first few 
minutes in water) were readily taken up by bacteria thus 
preventing utilization by conidia. 
Antagonistic interactions between nonpathogenic and 
pathogenic microorganisms have been recognized and researched 
since the at least the early 1930's. Saprophytic or epiphytic 
bacteria have been reported to inhibit corn smut, caused by 
Ustilago maydis(Bamberg 1931), cereal rusts caused by various 
Puccinia spp.(Levine et. al. 1936, Pon et. al. 1954, & Morgan 
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1963). and even halo blight of beans, caused by Pseudomonas 
phaseolicola(Adam & Pugsley 1935). 
More recently, Leben(1964) isolated a resident bacterium 
(A180) from healthy cucumber leaves that produced antibiosis in 
vitro. Initial greenhouse trials showed that the reintroduction of 
high numbers of the bacterium onto cucucmber leaves, via a diluted 
liquid culture, decreased the number of anthracnose lesions caused 
by Colletotricum lagenarium by 95%• Greenhouse trials with the 
epiphytic bacterium reduced the incidence of early blight of 
tomato and northern corn leaf blight(Leben and Daft 1965). 
However, field trials with A180 completely failed to protect 
apples from scab(Venturia inaequalis), cucumbers from C. 
lagenarium and tomatoes from Alternaria solani(Leben and Daft 
1965). 
Blakeman and Fraser(1971) reported that phylloplane bacteria 
on chrysanthemum leaves inhibited the germination of Botrytis 
cinerea. The mechanism of inhibition was not determined, however, 
they speculated that an inhibitor or inhibitors continously 
produced by the bacterium was involved. Bacterial utilization of 
spore nutrients might have contributed to the inhibition. Other 
antagonistic interactions between epiphytic microorganisms and 
pathogenic fungi have been linked to competition for nutrients or 
space(Blakeman 1978, Blakeman and Brodie 1977, Brodie and Blakeman 
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1976, and Parbery and Blakeman 1978). 
The apple phylloplane microorganisms have been screened for 
antagonism to Venturia inaequalis. However, no complete reduction 
of fungal growth has occured In vitro or on seedlings(Andrews, 
Kenerley, and Nordheim 1983)• but overwintering scab infected 
leaves have had Vj_ inaequalis ascospore production inhibited(Heye 
and Andrews 1982). 
Apple Scab Management 
Apple scab, caused by the fungus Venturia inaequalis (Cke.) 
Wint., is the major concern of Northeastern apple growers. In an 
average season more pesticides are aimed at apple scab, than any 
other disease causing organism or arthropod pest(Anonymous 1983). 
While fungicide applications are very effective and have greatly 
reduced the percentage of diseased fruits since the introduction 
of dithiocarbamates and captan; real and potential problems exist. 
Phytotoxicity symptoms may develop on leaves, branches and 
fruit when fungicides are applied at incorrect dosages, in 
combination with certain other pesticides, or at certain 
phenological growth stages. Environmental factors, especially 
extreme temperature fluctuations, may also interact with 
pesticides, and produce phytotoxic responses. 
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In the past fifteen years, strains of Venturi a inaequalis 
have developed resistance to several common fungicides often used 
on apples(Szkolnik and Gilpatric 1969* Wicks 1974, and Sutton 
1978). Several cases have also been reported where Vj_ inaequalis 
has developed tolerence to more than one fungicide(Jones and 
Walker 1976, and Zuck 1983). Exclusive use of benomyl, thiophanate 
methyl, or dodine for an entire growing season is the most common 
cause for the development of tolerent strains of the scab fungus. 
This type of use can produce insensitive strains in as few as two 
years(Jones 1981). 
Potential problems exist surrounding the use of fungicides by 
altering the non-target phylloplane microflora(Hislop and Cox 1969 
and Andrews and Kenerley 1978). Hislop and Cox(1969) examined the 
effect of captan on the apple phylloplane microflora. They found 
that the numbers of yeasts and filimentous fungi were greatly 
reduced by the fungicide. The effect only lasted for several 
months, and there was no carryover into the following year. 
Andrews and KenerleyC1978) examined the effects of a full season 
pesticide schedule on the apple phylloplane microorganisms, using 
a fungicide(metiram), an antibiotic(streptomycin), and an 
insecticide(azinphos-methyl) as needed under Wisconsin’s 
conditions. Their results showed that the genera of Coniothyrium, 
Phoma, Fusarium, and Epicoccum, were decreased by the pesticides, 
while Alternaria spp.. Cladosporium spp., and Aureobasidium 
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pullulans were seemingly unaffected. They noted that members of 
the genus Sporobolomyces and to some extent Rhodotorula were 
isolated much more frequently from the leaves receiving 
pesticides. Thus, it becomes apparent that while different 
fungicides effectively manage specific (target)disease organisms, 
the nontarget microflora may also be affected. The reduction of 
foliar epiphytes and saprophytes by fungicides, is likely to 
further increase the chance of fungicide insensitive pathogens for 
causing infections. However, reduction of epiphytes by broad 
spectrum fungicides, such as, the dithiocarbamates or captan, is 
of less ecological concern than the selection of fungicide 
insensitive fungi following use of fungicides that effect only a 
very narrow group of fungi. 
Biological control of parasitic fungi by antagonists or 
saprophytes is likely to be more successful without the 
interaction of fungicides. Newhook(1957) demonstrated biological 
control of gray mold infections on tomatoes following an 
application of high numbers of epiphytic Cladosporium herbarum or 
Penicillium spp. conidia. The spores colonized dead petals and 
prevented infections by Botrytis cinerea. While effective control 
of gray mold was acheived with several dithiocarbamates, the 
epiphytic and antagonistic C. herbarum and Penicillium spp. were 
greatly reduced. Similar effects were obtained by Bhatt and 
Vaughan(1963) for gray mold infections of strawberries. 
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There have been examples of another effect, where a fungicide 
plus an antagonist provided better disease management than when 
either agent was added alone. Carter and Price(1975) isolated a 
Fusarium lateritium that was antagonistic to Eutypa armeniacea on 
apricot and was 10 times less sensitive to benomyl than the 
pathogen. Thus, the combination of benomyl and the antagonist, 
proved to be complimentary. 
An important problematic side effect from fungicide use, 
surrounds the presence of toxic residues on crops that are used 
for the production of fermentable juices. Adams(1968) showed that 
captan, phaltan, dodine, and several dithiocarbamates, effectively 
inhibited yeast fermentation at concentrations as low as 0.5ppm. 
Sulfur had no effect at 10-20 times the concentrations. Fungicide 
residues in fresh and processed fruits and vegetables are 
generally considered safe—however, many of the potential 
important pathways may not have been analysed. 
Development of new fungicides has always been the answer to 
improved disease management. In fact, there are presently 
numerous complex fungicides with broad ranges of activities due to 
be registered in the next few years(Szkolnik 1981). However, the 
costs of manufacturing, laboratory screening, and field testing 
these compounds are very high. Thus, these costs may not only 
limit the searching proces by the pesticide companies, but it may 
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also limit them from being purchaced by the growers. If an 
increase in fungicide prices does not correspond to a comparible 
decrease in disease management, the later will definately be true. 
In recent years, apple disease management programs have 
advocated the use of Mills' infection periods(Mills' 1944) and 
orchard scouting to reduce fungicide applications have. Efficient 
timing of fungicide applications have, reduced the number of 
sprays necessary, without a significant increase in disease 
incidence(Becker et_^ al 1983. Bardinelli et al 1981). Federally 
funded IPM programs were designed for grower education and were 
aimed at ultimate self sufficient pest management by the grower 
upon the termination of the government funding. While it is not 
likely that growers will return to pre-IPM pesticide usage, there 
will probably be a slight increase in usage, without the extensive 
orchard scouting, pest monitoring, or university interactions. 
However, when environmental conditions favor disease development, 
numerous fungicides will still be necessary, if disease 
susceptible apple varieties continue to be planted. 
Breeding programs aimed at the development of apple varieties 
immune or highly resistant to apple scab and other important apple 
diseases have been organized for over 35 years(Williams and Kuc 
1969) . Several small fruited Asiatic Maius varieties have been 
used as the basis for the breeding programs. Several varieties, 
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that were progeny of M. floribunda 821 exhibit complete immunity 
to Venturia inaequalis, and varying resistance other important 
apple diseases. Extensive varietal crossings have suggested that 
apple scab resistance in _M. floribunda 821 is controlled by a 
single qualitative gene for restricted lesion sporulation that is 
closely linked to either one or more quantitative genes(Hough 
1944, Shay and Hough 1952, and Williams and Kuc 1969), or to a 
group of rather closely linked quantitative genes. 
Another Asiatic crabapple, Mj_ pumula R12740-7A, is also 
utilized in breeding for apple scab resistance. This variety 
develops irregular chlorotic or necrotic scab lesions with no 
sporulation. It has been determined that there are at least three 
qualitative genes and an undetermined number of qualitative genes 
determining its resistance to scab.(Williams and Kuc 1969) 
The varieties that are immune to apple scab, obtain their 
resistance from a hypersensitive ’'pit” reaction(Shay and Hough 
1952). Thirty-six to 48 hours after normal hyphal penetration, 
the epidermal cells beneath the point of penetration collapse, and 
further growth by the fungus is inhibited. With some combinations 
the fungus is killed. Progeny of R12740-7A begins to develop 
typical scab lesions within 6—9 days following inoculations. 
However, the developing lesion becomes necrotic, no spores 
develop, and the fungus dies within 21 days(Enochs 1964). In 
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general there is good correlation between leaf and fruit 
resistance(Shay and Brown 1959)* 
Resistance to the other major apple diseases; powdery 
mildew(Podosphera leucotrica), cedar-apple rust(Gymnosporangiurn 
juniperi-virginianae), and fireblight(Erwinia amylovora), is 
beleived to be on genes that are closely linked, thus, resistance 
to one disease usually incurs similar resistance to the other 
diseases(Williams and Kuc 1969)* 
The varieties Prima(Dayton et al^ 1970), Priscilla(Williams el: 
al 1972), and Sir Prize(Williams et al 1975), that were introduced 
from the Purdue University, University of Illinois, and 
Rutgers(PRI) breeding programs, obtained scab immunity and varying 
amounts of resistance to powdery mildew, the rusts and fireblight 
from floribunda 821. Liberty, which has been without scab 
lesions for 27 years, and is highly resistant to rust with very 
good resistance to powdery mildew, fireblight, was introduced from 
the NY State Agricultural Experiment Station(Geneva) , also 
obtained its resistance from floribunda 821(Lamb et al_ 1979). 
M. floribunda 821 also provides scab resistance to Macfree a red 
apple that was introduced from a Canadian breeding 
program(Sparggelo et al 1974). To date, the only named scab 
resistant variety that has obtained its scab resistance from M^_ 
pumula R12740-7A, is Nova Easy-gro. It was also released by the 
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Canadian breeding program. A recent evaluation of these varieties 
in Massachusetts(Becker, Cooley, and Manning 1983)* indicates that 
these varieties may provide acceptible alternatives to the 
varieties presently grown, especially since no fungicides are 
necessary for scab management. 
Other alternatives that have been examined surrounding the 
management of Venturia inaequalis involves the screening of 
microorganisms for antagonism to the scab fungus. Initial 
screening was begun by Simard et al^ (1957)* at the time when plant 
pathologists were inspired by the remarkable successes obtained 
with antibiotics. From macerated fallen apple leaves, Simard 
obtained 16 fungal isolates that inhibited the germination of V. 
inaequalis conidia on potato dextrose agar. Twelve of the 
isolates were Penicillium spp, one was Trichoderma viride, another 
was an Aspergillus sp., snd 2 were unidentifiable. Fungistasis 
was reported to be the mode of inhibition, however, no further 
examinations were reported. 
In vitro evaluation of the apple phylloplane in Wisconsin 
with V. inaequalis has yielded several antagonistic microoganisms 
to the scab fungus. Andrews and Berbee(1981) reported Chaetomium 
globosum and Aureobasidium pullulans to reduce conidial 
germination by 78% and 15%, with germ tube lengths shortened by 
91% and 46%. Heye and Andrews(1982), reported Athelia bombacina 
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and Chaetomium spp. to reduce spring ascospore production by 100% 
and 30% when leaves were sprayed with the antagonists in the 
autumn prior to overwintering. In another evaluation of the 
potential microbial antagonists, C_^ globosum, Trichoderma viride, 
Microsphaeropsis olivacea, A. pullulans, Cryptococcus sp., 
actinomycetes and a Flavobacterium sp. were assayed against 
inaequalis conidia on agarose coated slides and on leaves of 
3-week old seedlings(Andrews, Berbee, and Norheim 1983). 
Significant reductions in disease severity for all organisms were 
recorded for all organisms on seedlings with one strain of 
inaequalis conidia. However, with another strain, of the scab 
fungus, there was no significant decrease in the disease severity 
on seedlings. While field experiments are in progress, there is 
some indication that at some time in the future, epiphytic 
microorganisms may be used as antagonists to supplement or replace 
fungicides. 
Thus, there are many alternatives to the management of the 
apple scab pathogen that may be used in conjunction with 
fungicides or to their exclusion. However, if biocontrol agents 
are to be used to manage foliar pathogens, such as apple scab, a 
delivery system must maintain sufficiently high numbers of the 
organism to efficently manage the pathogen. The organism must 
first of all be adapted to the host, thus, a resident epiphyte 
would be the best choice. This would allow optimum survival 
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against such factors as UV radiation, moisture and nutrient 
stress. Past research, indicates that a bacterium would best 
fulfill this role. Also, with spring wetting periods which 
provide optimum contions for V. inaequalis, an introduced 
epiphytic bacterium would multiply more rapidly than fungi and 
yeasts. Thus, it would have better survival capibilities and 
would be potentially useful for inhibiting the scab fungus. 
Leben(1967) examined the multiplication of bacteria in drops on 
cucumber leaves with and without Colletotrichum lagenarium 
conidia. He found no effect on the conidia germination or 
appressorium formation. No similar research has been reported 
with apples. 
The succession of apple phylloplane microflora in 
GermanyCStadelmann & Guggenheim 1978), New Zealand(Penneycook & 
Newhook 1981), England(Hislop & Cox 1969), and in 
Wisconsin(Andrews & Kenerley 1981). Similar trends were recorded 
in each area. Knowledge of the quality and quantity of bacteria, 
yeasts, yeast-like organisms and filimentous fungi is essential 
information. If biological control organisms are to be applied to 
the foliage, it is necessary to understand what organisms are 
already present, and their potential interactions that may occur 
between the phylloplane microorganisms. 
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The following research examines a combination of the above 
alternatives to the management of the apple scab fungus. 
CHAPTER III 
MATERIALS AND METHODS 
Introduction 
The succession of phylloplane microflora was assayed on 
McIntosh, Liberty, and Nova Easy-gro apple(Malus domestica 
[Borkh.]) varieties at the Horticulture Research Center, 
Belchertown, Massachusetts in 1981 and 1982. The trees had M7A 
rootstocks, and were planted in 1979* The trees received a 
standard insecticide program and no fungicides. Microflora assays 
were conducted at dormant bud and one—half inch green development 
stages, and continued with monthly leaf samples until leaf fall. 
Assays for the Bud Microflora 
For the determination of the bud microflora, vegetative and 
fruit buds were choosen at random from various branches of each 
variety at dormant bud and one-half inch green development stages. 
Buds were aseptically excised with sterile forceps, and the 
samples from each tree were placed into individual autoclaved 
fleakers. Since the position of a plant organ in the tree canopy 
20 
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can influence epiphytic microbial populations(Andrews £t £l_ 1981) 
the samples were uniformly collected around the entire periphery 
of each tree at elevations ranging from 1 to 2.5 meters. Buds 
were promptly processed upon returning to the laboratory. 
For the analysis of the bud microorganisms, buds were 
asceptically disected on sterilized 9cm #1 Whatmann’s filter 
paper, in a positive flow hood. A new piece of filter paper was 
used for each bud. Successive bud scales were then plated onto 
petri dishes containing potato-carrot agar, plus lactic 
acid(PCAL), apple juice-yeast extract agar(YJYEA)(modified from 
Beech and Davenport 1969). and yeast extract-nutrient agar, plus 
pimaricin(YENAP). For each variety, three fruit and three 
vegetative buds were assayed per medium. Petri plates were 
incubated at 22 degrees C. After five to seven days, the presence 
or absence of yeasts, yeast-like organisms, filimentous fungi, and 
bacteria was recorded for each bud scale. Filimentous fungi, 
yeasts, and yeast-like organisms were identified directly from bud 
scales, with microscopic identification. Unidentifiable and 
non-sporulating colonies, were transferred to potato dextrose 
agar(PDA), and carnation leaf agar(CLA) for continued observation. 
Unidentifiable isolates were also transferred to potato-carrot 
agar(PCA), and petri plates were placed under 18 hours of long 
wave UV radiation, in attempts to stimulate sporulation. Colonies 
not forming spores or identifying structures after several months 
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were referred to as * non—sporulating1 colonies. Isolates of each 
yeast, yeast-like organism and filimentous fungus, were maintained 
in PCA culture bottles for the duration of the study. A colony of 
each visually distinct bacterium was isolated from bud scales onto 
YENA. Bacteria were identified by gram stains and differential 
media(Schaad 1980). Isolates of each bacterium was maintained in 
culture bottles of YENA, for the duration of this study. 
Assays for the Leaf Microflora 
To determine the succession of the phylloplane microflora, 
leaves were collected at monthly intervals from each variety. For 
consistency throughout the season, only the second or third fully 
expanded leaves were sampled. Apple leaves of that age are also 
the most sucseptible to apple scab infections(Schwabe 1979)* 
Samples were obtained from as many locations from 1 to 2.5 meters 
above the ground, to minimize the possition effect. Leaves were 
collected aseptically with sterile forceps and placed into 
autoclaved containers, for transport to the laboratory. Leaves 
from individual trees were placed in separate containers. 
Phylloplane microorganisms were determined from; 1.) leaf prints, 
for all resident and transient microorganisms, 2.) spore falls, 
for the enumeration of the Sporobolomycetaceae, and 3.) leaf 
washings for resident microorganisms only. 
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Leaf Prints 
Leaves were printed adaxially and abaxially onto PCAL, and 
YENAP, to quantify and qualify all of the microflora throughout of 
the growing season. The ’’printing'’ was conducted in a sterile 
positive flow hood to minimize contamination, using flamed forceps 
and a bent sterile glass rod to smooth out the leaf and form and 
even print on the medium. Three adaxial and three abaxial 
prints(each from separate leaves) were made per variety for each 
medium. Petri plates were incubated at 22 degrees C. Following 
five to seven days, yeasts, yeast-like organisms and filimentous 
fungi were identified directly from the leaf prints. For each 
print identifiable filimentous fungi yeasts and yeast-like 
organisms were recorded as being present and given a rating from 
1-10(1 = 1 colony up to 10 of the printed leaf area, and 10 = 100% 
of that area. The leaf areas of each leaf was determined with a 
leaf area meter(recorded in cm). Unidentifiable and 
non-sporulating colonies, were transferred to PDA and, CLA, and 
PCA under UV light as for buds. An isolate of each type of fungus 
or yeast was maintained on PCA slants for the duration of the 
experiment. A colony of each visually distinct bacterium was 
isolated from leaf prints onto YENAP. Colonies were maintained on 
nutrient agar, plus 0.5% glucose and 0.25% casein. Bacteria were 
identified by gram stains and differential media(Schaad 1981). 
Isolates of each bacterium isolated were maintained in culture 
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bottles of yeast extract-nutrient agar(YENA) for the duration of 
this study. 
Spore Fall 
Leaves were adhered to the under surface of petri plate lids 
with autoclaved vaseline. AJYEA and PCA were the media used for 
the development of the sporobolic spores forcible ejected from the 
leaf’s surface(Dickenson 1971). Petri plates were incubated at 22 
degrees C., and the leaves were removed after 48 hours. Petri 
dishes were further incubated at 22 degrees in an inverted 
position, so that no remaining microorgainisms would fall on to 
the culture media. The total number of each type of yeasts were 
counted and recorded after five to seven days. An isolate of each 
yeast was isolated and maintained on PCA or Yeast Malt Extract 
Agar(YMA), for the duration of this study. Three adaxial and 
three abaxial spore falls were produced for each variety. 
Leaf Washes 
Leaves were washed in a series of ten washings, each 10 
minutes in length. Following the tenth washing, leaf discs were 
aseptically punched out from leaves with a #6 corkborer(flamed and 
cooled after each disc) . Three leaves were washed for each 
variety, and eight discs of each variety were plated onto each of 
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the following media; PCAL, AJYEA, and YENAP. After five to seven 
days of incubation at 22 degrees C, total numbers of colonies 
developing from each disc were recorded, and internal resident 
microflora per leaf and per cm2 were determined. 
Drop Assays on Leaves 
To determine the multiplication of the phylloplane microflora 
in leaf drops(simulating wetting periods of various lengths), 
freshly excised leaves of Liberty, Imperial McIntosh, and Nova 
Easy—gro were placed in sterile glass petri plates with sterilized 
filter paper. The filter paper was saturated with sterilized 
distilled water, and it was essential that the leaf petioles were 
in contact with the wet filter paper. Drops of distilled water or 
distilled water plus a suspension of washed Spilocea pomi conidia 
were placed on the adaxial phylloplane. pomi conidia were 
produced in 4% malt extract wick cultures (modified from Williams 
1978), and spores were utilized when cultures were 12-21 days old. 
At the time intervals 1, 4, 8, 12, 24, and 48 hours, drops were 
removed with sterile pipets, and 0.05 mis of the drop was plated 
onto PCAL and YENA using a serial dilution method. After five to 
seven days of incubation at 22 degrees C., petri dishes were 
analysed. Quality and quantity of the microorganisms present at 
each dilution were recorded and the most probable number of each 
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organism was determined. Drop assays were conducted monthly in 
1982 in conjunction with leaf prints. Thus, similar organisms 
were present for each assay at each time. Twelve 2nd or 3rd fully 
expanded leaves were used for each variety. 
Analysis of the Phylloplane Microorganisms for Antagonism 
to Conidia of Venturia inaequalis 
Each isolate of the filimentous fungi, yeasts, and yeast-like 
organisms that was obtained from leaf prints, spore falls, or 
washed leaves were assayed side by side with the anamorph of 
Venturia inaequalis(Spilocea pomi). Assays consisted of streaking 
the phylloplane microorganisms 4 times around a 2 week old colony 
of pomi on a 5 cm petri plate of PDA, and next to a freshly 
streaked suspension consisting of 1-5 x 10-3 spores of 
pomi(also on 5 cm plates of PDA). All paired cultures were 
incubated at 22 degrees C. After one to three weeks(depending on 
the rate of growth), any inhibition of S. pomi was recorded. 
Analysis of Phylloplane Bacteria for Antagonism to 
Conidia of Venturia inaequalis 
Isolates of bacteria obtained from leaf prints and washed 
leaves were plated onto YENA. Two and three isolates were dotted 
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onto one 10 cm petri plate, equidistant from eachother and from 
the sides of the petri plate. After 48 hours of growth at 22 
degrees C., bacteria were killed by inverting the plate for one 
hour over a five cm filter paper disc that was soaked with 1-2 mis 
of chloroform(Vidaver 1972). Plates were reinverted and allowed to 
air out for a half hour, (in a sterile hood. Each plate was then 
overpoured with 0.6% water agar containing spores of Aureobasidium 
pullulans or Cladosporium spp., or with half strength Difco PDA 
containing conidia of S. pomi. After five to seven days, any 
inhibition of spores was recorded. All bacteria were assayed 
twice with each of the three different spore suspensions, and 
those isolates that exhibited any inhibition, were assayed five 
times. 
Microscopic examinations were conducted in drops on concave 
depression slides. Conidia of 2L pomi were produced from wick 
cultures as above, and bacteria were from 48 hour old nutrient 
broth cultures. Drops of 0.05 mis in volume were placed on the 
depression slides with 1-5 x 103 spores of pomi per ml. Four 
bacteria isolates(6l, 94, 107, and 127) were added to the drops. 
Suspensions of 5 x 104 conidia per ml of Cladosporium spp. or 
Aureobasidium pullulans yeast cells were added to S^_ pomi drops 
for comparison with common resident epiphytes. One set of drops 
served as controls, as it received pomi conidia only. The 
depression slides were incubated in glass petri plates at 22 
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degrees C. with moist filter paper to inhibit evaporation of the 
drops. At 12, 24, and 48 hours, 100 conidia of S^_ pomi were 
counted for each treatment, and percent germination was 
determined, and the length of the longest germ tube was measured 
with an ocular micrometer on the microscope. 
CHAPTER IV 
RESULTS 
Leaf Descriptions of the Leaves of Each Variety 
Liberty and Imperial McIntosh leaves were approxamatley the 
same lengths(Figure 1). Liberty leaves were slightly more ovate. 
Both varieties had leaf hairs along the veins of the upper 
surface, and trichomes over the entire abaxial surface. Imperial 
McIntosh leaves appeared to have more trichomes per area on the 
lower surface. Nova Easy-gro leaves were approxamately two thirds 
the length of Liberty and Imperial McIntosh and were more 
lancolate. There were fewer trichomes on the upper surface of 
Nova Easy-gro, but an increased number of more compact trichomes 
on the lower surface. All three varieties had similar veination 
and marginal serration patterns. 
Bud Assays 
Results from 1981 dormant and 1/2" green bud assays are 
tabulated in Table 1. Bud.assays from 1982 are listed in Table 2. 
Numbers in each table represent the number of bud scales from 5 
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Figure 1: Apple terminals of Liberty, Imperial McIntosh, 
and Nova Easy-gro exposing the adaxial 
and abaxial surface. 
Figure 1 
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buds of each cultivar that each microorganism was isolated from. 
In 1981, Aureobasidium pullulans was isolated from over 60% 
of the bud scales from all cultivars, at both dormant and 1/2" 
green assays. White yeasts, consisting primarily of Cryptococcus 
spp., were isolated from 4—14% of all the bud scales. A few red 
yeasts(Sporobolomyces spp. and Rhodotorula spp.) were found on 
dormant Imperial McIntosh buds and 1/2" green Nova Easy-gro buds. 
Alternaria spp. were the most frequently isolated of the 
filimentous fungi. Alternaria colonies were obtained from every 
bud. Epicoccum spp. and several non—sporulating and 
unidentifiable fungi were occasionally isolated from each 
cultivar, but they were not from every bud. Cladosporium spp. 
were obtained from 1 or 2 bud scales of each cultivar. The genera 
Fusarium, Penicillium, and Trichoderma were each isolated once or 
twice at each sample date. 
Bacteria were isolated from 33-70% of dormant buds and 28-85% 
of 1/2" green bud scales that were plated onto YENA. 
Actinomycetes were present on 1-4 bud scales from each assay, 
except for the 1/2" green Imperial McIntosh buds. 
Bud assays as in 1982 yielded similar data for yeasts as in 
1981. Aureobasidium pullulans was the most common fungus on all 
cultivars and at both sample dates. The white yeasts were second 
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in importance, but they were not isolated from the 1/2" green 
McIntosh and Nova Easy—gro buds. Red yeasts were only isolated 
from Nova Easy-gro. 
Filimentous fungi in the 1982 dormant buds, were more equally 
distributed among the the genera Cladosporium, Epicoccum, 
Alternaria, and the non-sporulating and unidentifiable fungi than 
in 1981. 1/2" green buds showed a similar distribution, with the 
addition of Penicillium. Fusarium spp. and Fusicoccum spp., were 
each occasionally isolated from both assay dates. 
Bacteria were isolated from nearly 100$ of all the dormant 
bud scales. 1/2" green buds yielded bacteria on 35 to 90$ of the 
bud scales. Actinomycetes were isolated from all cultivars and 
were present at 2-3 times the 1981 numbers. 
Bud microflora from fruit or vegetative buds in 1982 did not 
appear to be qualitatively or quantitatively different between the 
types of buds. Overall, qualities and quantitaties of bud 
microflora were not distinctly different for any one cultivar for 
either or both years. 
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Leaf Prints 
Yeast data from 1981 and 1982 leaf prints are summarized in 
Figures 2 and 3, as the percentage of the phylloplane surface 
colonized by yeasts at each sample date. In 1981. Imperial 
McIntosh had 35% of the leaf surface colonized by yeasts on 5-29. 
6-25, and 7-23. Numbers increased to 70 and 65$ on 9-22 and 
10-23. Liberty yeast populations began equal with McIntosh, 
increased to 50-75$ in 6-25 and 7-23, and were then comparible 
with McIntosh on the last 3 sample dates. Nova Easy-gro had 
10-25$ more of its leaf surfaces colonized by yeasts at the first 
sample date. This level decreased on the upper surface to a 
constant level of 35-40$ of the leaf surface that was colonized 
for the remainder of the sample dates. The lower Nova Easy-gro 
leaf surface increased to 75$ on the 6-25 sample date. This was 
followed by a decrease to 25$, where it stayed fairly constant for 
the remaining sample dates. 
In 1982, all cultivars initially had 30-45$ of the leaf 
surface colonized by yeasts. Imperial McIntosh and Liberty had 
similar trends on both surfaces until the 10-5 sample when Liberty 
yeasts colonized by yeasts. Imperial McIntosh had a similar 
trends until the yeasts dropped to levels about 1/3 that of 
McIntosh. Nova Easy-gro yeasts increased to the highest levels on 
6-26, and then declined to the lowest numbers at 8-2 and 9-5- On 
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Figure 2: 
Nova 
The percentage of the Liberty, Imperial McIntosh, 
Easy-gro phylloplane colonized by yeasts; 1981. 
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38 
Figure 3: 
Nova 
The percentage of the Liberty, Imperial M=Int°sh 
Easy-gro phylloplane colonized by yeasts; 1982. 
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Figure 4: The percentage of the Liberty, Imperial 
Nova Easy-gro phylloplane colonized by filimentous 
McIntosh, and 
fungi; 1981. 
--LIBERTY ■i«*™^--N0VA EASY-GRO 
... —imperial mcintosh 
Upper 
Lower 
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Figure 5: The percentage 
Nova Easy-gro phylloplane 
of the Liberty, Imperial 
colonized by filimentous 
McIntosh, and 
fungi; 1982. 
—LIBERTY immm—NOVA EASY-GRO 
'.--IMPERIAL McINTOSH 
Upper 
Lower 
5-29 6-26 8-2 9-5 10-5 
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Figure 6: The percentage of the Liberty, Imperial McIntosh, 
Nova Easy-gro phylloplane colonized by bacteria; 1981. 
—LIBERTY ■ ■■■■•_-NOVA EASY-GRO 
--IMPERIAL McINTOSH 
Upper 
Lower 
and 
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Figure 7 
Nova 
The percentage of the Liberty, Imperial McIntosh, 
Easy-gro phylloplane colonized by bacteria; 1982. 
and 
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(■•■••I 
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—IMPERIAL McINTOSH 
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Table 3: The genera of fungi obtained from leaf prints. 
Aureobasidium 
pullulans 
Alternaria spp. 
Cryptococcus spp. Cladosporium spp. 
Sporobolomyces spp. Epicoccum spp. 
Rhodotorula spp. Fusarium spp. 
Penicillium spp. Aspergillus spp. 
Sclerotinia minor S. sclerotiorum 
Bipolaris spp. Stemphyllium spp. 
Coniothryrium spp. Phoma spp. 
Phomopsis spp. Fusicoccum spp. 
Pestalotia spp. Tricoderma spp. 
Rhizopus spp. Nigrospora spp. 
Gliocladium spp. Chaetomium spp. 
Paecilomyces spp. Rhizoctonia spp. 
Botrytis spp. Gonatobotryis spp 
Non-sporulating 
and unidentifiable fungi 
Unidentifiable 
Coelomycetes 
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10-5* the percentage of Nova Easy-gro leaf colonized by yeasts was 
higher than Liberty, but still lower than Imperial McIntosh. 
Yeasts consisted of 80-90% Aureobasidium pullulans colonies. 
Cryptococcus spp. were responsible for most of the remaining 
yeasts, with Sporobolomyces spp. and Rhodotorula spp. colonies 
never exceding 5% of a sample population. 
The percentage of the leaf surface colonized by filimentous 
fungi in 1981 and 1982 are summarized in Figures 4 and 5. In 
1981, Liberty initially colonized 20% of the upper and lower 
phylloplane surface. At that sample, Imperial McIntosh colonized 
40 to 60% of those surfaces, and Nova Easy-gro colonized 70 and 
75% of each leaf surface. The percentage of the phylloplane 
colonized by fungi from the next 4 sample dates(6-23* 7-23* 8-20, 
and 9-22) was similar for each cultivar with 60-90% colonization. 
On 8-20 and 9-22, Nova Easy-gro were colonized by a slightly 
greater percentage of fungi on each leaf surface, while McIntosh 
were colonized slightly less. On 10-23. Nova Easy-gro fungi, 
declined to 20-30% of the upper and lower surfaces, while Liberty 
decreased to 50% on each surface. On Imperial McIntosh leaves, 
fungi increased to 65% of the upper surface, but declined to 50% 
on the lower surface. 
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In 1982, the filimentous fungi colonized 65-85% of the leaf 
surfaces of all cultivars on 5-29* With the next 3 sample dates, 
there were similar qualities and quantities present on each 
cultivar. On those sample dates, 70—80% of the leaves yielded 
fungi abnd with less diversion in quantity between cultivars than 
in 1981. As in 1981, Nova Easy-gro was colonized by fewer fungi 
that McIntosh or Liberty on the last sample date. 
Table 3 tabulates the filimentous fungi isolated from all 
leaf prints. Filimentous fungi obtained from the gemmishpere were 
later isolated from the phylloplane. In addition to those genera 
obtained from buds, 21 more genera were obtained from the 
phylloplane. 
Bacteria isolated from the 1981 and 1982 leaf prints of each 
cultivar are summarized in Figure 6 and 7. The first assay in 
1981 yeilded similar quantities of bacteria isolated from the 
upper and lower phylloplane of each cultivar. On the first sample 
date(5-29), 20-40% of the upper surface was colonized and 40-55% 
of the lower surface was colonized. Bacteria on Liberty increased 
colonization to a greater percentage of the leaf(85-90%) and 
accomplished this sooner than the other cultivars. However, 
bacteria decreased to 60% on 8-20 when Nova Easy-gro and Imperial 
McIntosh had 75-80% of the leaf colonized. Leaf prints on 10-23 
showed that the 3 cultivars had a similar percentage(75-90) of the 
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leaf surface colonized by bacteria. 
In 1982, bacteria again colonized an initially similar 
percentage of the phylloplane for all cultivars. However, these 
levels were nearly twice the percentage they were in 1981 with 
65-70% colonization of the upper surface and 70-90% of the lower 
surface. Bacteria on Liberty increased gradually and steadily 
until 90% of the upper surface was colonized. On the lower 
surface, the bacteria initially declined to 40% before beginning a 
gradual increase to 50% on 10-5. Bacteria on Nova Easy-gro leaves 
initially decreased on both the upper and lower surfaces. On the 
upper surface, bacteria colonization increased threefold to 95%, 
on 8-22, before declining to 40% on 10-5. Lower surface bacteria 
remained unchanged during the midseason samples. The bacteria 
then increased colonization to 60% of the Nova Easy-gro leaf 
surface on 10-5. Bacteria colonizing McIntosh leaves also 
decreased on both surfaces on 6-26. On the upper surface the 
percentage of the phylloplane colonized was not as great on 8-2 
and 9-5 as the other cultivars, but increased to 90% on 10-5. On 
the lower McIntosh surface, bacteria declined to 15% before a 
steady increase to 98% phylloplane colonization on 10-5. 
Leaf prints in 1981 and 1982 showed no cultivar to be 
colonized by a uniquely different group of microflora. Also no 
trend in colonization was consistant throughout one or both 
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seasons. There were however, a consistantly lower percentage of 
yeasts colonizing Nova Easy-gro leaves in the later part of the 
seasons and lower percent colonization by fungi with the last 
sample date. 
Spore Fall Assays 
The average number of colonies per leaf of Aureobasidium 
pullulans and red yeasts(Sporobolomyces spp., and Rhodotorula 
spp.) from 1981 and 1982 spore fall assays are summarized in 
Table 4 and 5. In 1981, A. pullulans was isolated from all leaf 
surfaces and from all cultivars. Numbers of colonies of A_. 
pullulans peaked on Liberty on the 10-23 sample, with 26 on the 
upper surface, and 54 on the lower surface. On Imperial McIntosh, 
A. pullulans peaked with 35 and 74 colonies per leaf on the upper 
and lower leaf surface. On both surfaces, the number of colonies 
per leaf then steadily declined on the remaining 2 sample dates. 
On Nova Easy-gro, A. pullulans peaked on on 9-22 with 28 and 90 
colonies per upper and lower leaf surface. Colonies declined to 4 
and 22 colonies per leaf surface on 10-23. 
Few red yeasts were isolated from either leaf surface of all 
cultivars on 5-29 and 6-26. On the other 4 dates, no consistant 
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pattern of red yeasts was evident for either upper or lower 
surfaces. Colonies of red yeasts on the upper and lower surface of 
Liberty ranged from 20-49 and 18-86 colonies per leaf. Imperial 
McIntosh ranged from 20-49 and 18-86 colonies per leaf, and Nova 
Easy-gro ranged from 1-20 and 5-82 colonies per leaf. 
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In 1982 colonies of Aureobasidium pullulans peaked with the 
10-5 sample, for upper and lower leaf surfaces of most cultivars. 
The exceptions were on the lower surface of Imperial McIntosh on 
8-2. 
Increased numbers of red yeasts were obtained from all 
cultivars in 1982. Liberty peaked on 8-2 with 73 and 184 colonies 
on the upper and lower leaf surface. Imperial McIntosh, red yeast 
colonies peaked on the upper surface with 96 colonies on 9-5. 
However, there was no distict peak on the lower surface as 53 
colonies were isolated on 8-2 and 46 were isolated on 10-5. A 
similar trend occured for Nova Easy-gro. Red yeasts peaked on the 
upper surface on 9-5 with 39 colonies, while 29 and 26 colonies 
were present on the lower spore fall assays on 6-26 and 10-5. 
The following other genera of fungi were also recorded from 
spore fall assays: Cladosporium spp., Alternaria spp., Epicoccum 
spp., Fusarium spp., Penicillium spp., Pestalotia spp., Cheatomium 
spp., Aspergillus spp., Gliocladium spp., Fusicoccum spp., 
Phomopsis spp., Rhizopus spp., Stemphyllium spp., Bipolaris spp., 
Phytophthora spp., Tricoderma spp., and several non-sporulating 
and unidentifiable fungi. 
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Washed Leaf Disks 
The fungi and bacteria isolated from washed leaf disks in 
1981 and 1982 are summarized in Tables 6 and 7. Numbers represent 
the percentage of the assayed disks that each microorganism was 
isolated from. In 1981, Aureobasidium pullulans was the most 
frequently isolated fungus from the disks of all cultivars. 
Cladosporium spp., Alternaria spp., and Epicoccum spp. were all 
isolated from up to 100% of the disks of all cultivars at most of 
the date spp., Coelomycetes and other filimentous fungi were 
occasionally isolated from up to 62% of the disks of all 
cultivars. Bacteria were isolated from all disks. 
Similar data was obtained from washed leaf disks in 1982, 
with the exception of A. pullulans, that was not as prevelent as 
in 1981. 
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Leaf Drops 
Dilution plate series of 0.05 ml water drops removed from 
Liberty, Imperial McIntosh and Nova Easy-gro leaves at different 
times, yielded 13 filimentous fungi, 3 yeasts or yeast-like fungi 
and several bacteria. Table 8 summarizes the quantity and quality 
of microflora obtained from each cultivar over time. 
Aureobasidium pullulans was the only fungus that was isolated from 
every drop. The quantity of A. pullulans was initially similar 
for each apple cultivar. For all the sample dates and all 3 
varieties, A. pullulans quantities increased by 10 to 1000 times 
during the initial 24 hours. During the next 24 hours, the 
quantity of A. pululans did not change, or may have decreased. 
The initial concentration of A. pullulans spores appeared to 
increase with each subsequent sample date. There was no apparent 
effect on the quantities of A. pullulans by the addition of 
Spilocea pomi. 
The white yeasts, that consisted primarily of the genus 
Cryptococcus, was the group of phylloplane microorganisms that was 
consistantly isolated second, behind A. pullulans. At time 0 on 
all samples, very few white yeasts were isolated. However, within 
24 hours, the white yeasts had multiplied to concentrations of 
10-3 to 10-4 spores per ml. Occasionally, as on the September 9, 
the quntities of white yeasts exceeded A. pullulans. 
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The red yeasts(Rhodotorula spp. and Sporobolomyces spp.) 
followed a trend similar to the white yeasts. While the red yeast 
quantities were initially low(10-0 to 5 x 10-1), they increased 
rapidly in leaf drops. Their quantities did not increase as 
rapidly as the white yeasts, however, at 24 hours, their 
quantities were similar. 
Throughout the assay, Cladosporium was the filimentous fungus 
that was most often isolated. Its quantities exceeded other 
filimentous fungi on all varieties, sample dates, and with or 
without S. pomi. Unlike the yeasts, Cladosporium spp. did not 
increase rapidly. However, at 48 hours, several of the samples 
had similar concentrations of yeast and Cladosporium spp. There 
were increased numbers of Cladosporium spp. in drops with S. 
pomi, however, this was not consistant with all varieties or 
dates. 
Alternaria spp. and Epicoccum spp. were both frequently 
isolated throughout the assay. They were obtained from all the 
varieties, but not at all dates. Their numbers did not increase 
over time in the drops, as they often decreased. 
Both Penicillium spp. and Aspergillus spp. were isolated at 
random. However, on June 26 and August 1, Penicillium spp., and 
Aspergillus were respective contaminants of the S. pomi cultures. 
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Quantities of both fungi in phylloplane drops, initially had 1 x 
10-4 to 5 x 10-4 spores per ml. At 24 hours, the Penicillium had 
substantially decreased. However, at 48 hours, the Aspergillus 
spp. had increased by 10 times. 
Filimentous fungi isolated once or twice from phylloplane 
drops included, Fusarium spp., Gliocladium spp., Stemphyllium 
spp., Rhizopus spp., Botrytis spp., an unidentifiable Coelomycete, 
and 2 nonsporulating and unidentifiable white fungi. 
While suspensions of Spilocea pomi were added to the 
phylloplane at concentrations of 4000 spores per ml, initial 
dilution series showed concentrations ranging from 40 to 5000 
conidia per ml. These numbers invariably decreased over time. 
Bacteria were isolated from every drop removed from each 
variety. Within 12 to 24 hours the phylloplane bacteria increased 
faster than any of the yeasts, on all the varieties. At 48 hours, 
quantities exceeded 1 x 10-6 cfu’s per ml. 
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Results from Antagonistic Assays 
In vitro examinations of apple phylloplane fungi and yeasts 
with and S. pomi on PDA indicated that several phylloplane 
microorganisms were effecting the growth of pomi. Isolates of 
Penicillium spp., Aspergillus spp.f Trichoderma spp., Chaetomium 
spp., one isolate of Aureobasidium pullulans, and 3 of 10 
Cryptococcus isolates reduced the growth of S, pomi. In no case 
was the inhibition of growth complete. These results were 
apparent when the microorganisms were added simultaneously next to 
one or two weeks old colonies of S. pomi. All other filimentous 
fungi or yeasts had no apparent effect on the growth of S_. pomi. 
10 of the 136 isolates of phylloplane bacteria assayed with 
S. pomi, Cladosporium spp., with cultures of S. pomi or the common 
phylloplane fungi, Cladosporium spp. and A. pullulans produced 
zones of inhibited spores 0.3 to 9 cm across(Figure 8). Zones 
were produced in 2-3 days with Cladosporium and A. pullulans, 
while 5-7 days were necessary for visible zones with (5. pomi. 
Colony characteristics, Gram stains, and growth on differential 
media separated the 10 isolates into 4 groups. Isolates 55, 61, 
and 84 were white, Gram negative short rods. Isolates 94 and 95 
were fluorescent pseudomonads. Isolates 107 and 108 were Gram 
negaive rods with a glisteny ivory colony. Isolates 127 and 128 
were also Gram negative rods, however, with small white colonies 
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Table 10: Analysis of variance for treatments and time conducted 
for ' length of Spilocea pomi germ tubes s. 
Error Degrees Sum of Mean F 
Source Term of Freedom Squares Squared Value Probabiliy 
Mean R(B) 1 155332 155331.8 52.12 0.0002 
Bacteria R(B) 6 77575 12929.1 4.34 0.0379 
Time TR(B) 2 57117 28558.6 24.53 0.000 
R(B) S(BTR) 7 20863 2980.5 22.12 0.000 
BT TR(B) 12 36169 3014.0 2.59 0.463 
TR(B) S(BTR) 14 16297 1164.1 8.64 0.000 
S(BTR) 4158 560277 134.75 
B=Bacteria(Treatments=7) T=Time(3) R=Reps(100) 
5=2(No. that Experiment was run) 
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on YENA. All isolates consistantly inhibited A. 
Cladosporium, and S. pomi in each of the 7 trials. 
pullulans, 
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Results from Further Antagonistic Assays 
The measurements of Spilocea pomi germ tube lengths and 
percent conidial germination following the addition of inhibitory 
bacteria or common phylloplane microorganisms in half strength 
Difco Potato Dextrose Broth on glass depression slides, are 
summarized in Table 9» At 12 hours, an average of 38 S. pomi 
conidia had germinated in the Potato Dextrose Broth. The addition 
of either Cladosporium or A. pullulans had no apparent effect on 
the number of conidia that germinated. This is shown by 103 and 
97% germination of S. pomi conidia. Each of the 4 bacteria 
reduced the spore germination to 26-42% of the S. pomi conidia 
alone. At 24 and 48 hours, the phylloplane fungi had slightly 
decreased the conidia germination, while the bacteria had again 
greatly reduced the percentage of S^. pomi germination. 
Duncans Multiple Range was utilized to separate the average 
lengths of the S. pomi germ tubes. At each time interval, the 2 
fungi had no effect or had statistically increased the length of 
the S. pomi germ tubes(P=0.05). At 12 hours only bacterium 5 had 
significantly decreased the length of the germ tubes. After 24 
hours, bacteria 5t 6, & 7, had each significantly reduced the 
germ tube length, compared to that of S. pomi alone. Figure 9 
shows S. pomi alone in Potato Dextrose Broth, and Figure 10 shows 
S. pomi in the presence of bacterium 6. At 48 hours, bacteria 
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4, 5, & 6 had each significantly reduced the germ tube lengths. 
Analysis of varience conducted by mean separations(Table 10) 
showed that the treatments and time, had a significant effect on 
the lengths of germ tubes. The F values were 4.34 and 24.53 for 
the treatments and time. This placed the significance of the 
treatments at below P=0.04 and time at below 0.001. This 
indicated that both were having a significant effect on the length 
of the germ tubes. 
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Figure 8: Zones of inhibition produced by antagonistic bacteria 
in the presence of Aureobasidium pullulans 
and Spilocea pomi. 
Figure 9- Conidia of Spilocea pomi after 24 hours 
in Potato Dextrose Broth. 
Figure 10: Conidia of Spilocea pomi after 24 hours 
in Potato Dextrose Broth with an antagonistic bacterium. 
66 
Figure 8 
CHAPTER V 
DISCUSSION 
The results from examining the gemmisphere and phylloplane of 
Liberty, Imperial McIntosh, and Nova Easy-gro in 1981 and 1982 
indicate that the microflora inhabiting the buds and leaves of 
disease susceptible and resistant apple varieties is similar. 
From all the assays no one cultivar maintained a consistantly 
unique microflora throughout one season or for both seasons. 
Also, since similar qualities of microorganisms were present 
within buds and on the phylloplane of all cultivars, it appears 
that the microflora present on the disease resistant cultivars are 
not involved with resistance to disease. 
Similar quantities of yeasts, filimentous fungi and bacteria 
were isolated from buds of all cultivars in 1981 and 1982. There 
was a greater percentage of Aureobasidium pullulans and 
filimentous fungi at the one-half inch green sample on Imperial 
McIntosh, compared to Nova Easy-gro. However, this was likely to 
be associated with the slight advance in the development of 
McIntosh. McIntosh buds had more exposed tissue at the one-half 
inch green stage, as they were advanced several days ahead of 
Liberty buds. Liberty was also noted to be several days ahead of 
the buds of Nova Easy-gro. The increase in exposed surface area 
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of the bud allows for a increased deposition of the casual 
epiphytes onto that surface. A. pullulans which was present 
within every bud, was also allowed more space for an increase in 
quantity. The decrease in bacteria quantities in all samples is 
likely to be associated with the decrease in the area of the 
protected environment within the enclosed bud scales. 
The difference between the quantity and quality of the bud 
microflora of McIntosh, and that of Liberty and Nova Easy-gro was 
less in 1982 than in 1981. This was probably due to the 
exceedingly mild February and March in 1981, when all varieties 
had developed ahead of a typical year. In that spring, the 
McIntosh buds had advanced further ahead of Nova Easy-gro and 
Liberty than in 1982. While these differences were 
environmentally controlled, they still did not cause a distinctly 
difference in the quality and quantity of the gemmisphere 
microflora. 
In all the varieties sampled in Belchertown, the bud 
separation technique showed that fewer microorganisms were present 
the closer the bud scale was to the center. It also showed that 
all of the microorganisms isolated from the center bud scales, 
were also isolated from the outer most scales. However, the 
opposite was not true. Without further studies, one can only 
speculate on the importance of this information with regards to 
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the survival and dispersal of the microflora based upon its 
position within the bud. However, regardless of where the 
microflora was present in the bud, each microorganism obtained 
from the gemmisphere was later isolated from the phylloplane. 
The bud scale separation technique was not a useful tool for 
determining the quantity of microorganisms present in buds. 
However, its consistant use, can accurately indicate the quality 
of microflora preseent , and major differences or trends between 
the quantity of microflora among the simultaneously assayed 
disease resistant and susceptible cultivars. 
Phylloplane microflora, as determined by leaf prints, spore 
fall assays and washed leaf disks, yielded data similar to those 
obtained from bud assays. The quality of microflora obtained 
between the 3 apple cultivars was identical, but variations in 
quantities existed. The fluctuations in quantity varied slightly 
between seasons and cultivars within one season. Also, there was 
great variation in the quality and quantity of microflora present 
among the leaves from one cultivar at each sample date. That no 
one cultivar consistantly maintained a uniquely different 
population of a particular genus or group of microflora, adds to 
the evidence that the microflora of disease susceptible and 
disease resistant apple cultivars is similar. 
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Nova Easy-gro leaves did have a lower percentage of the leaf 
colonized by yeasts, however, this was only for j July through 
October. Fewer trichomes on the upper leaf surface may explain 
the lower percentage of yeasts on the upper leaf surface. 
However, Nova Easy-gro has an increased frequency of trichomes on 
the lower surface and does not seem to be a factor in the fewer 
yeasts on that surface. 
Spore fall assays indicated that Aureobasidium pullulans and 
the red yeasts were occasionally present in similarly high numbers 
on all cultivars from July until October. No trends were present 
to indicate one cultivar maintained a distintly different 
population of those yeasts. Spore fall assays also indicated that 
there were more yeasts on the Nova Easy-gro phylloplane than were 
isolated by leaf print assays. 
Washed leaf disks also suppored the trend that the assayed 
cultivars had similar qualities of microflora, and that quantities 
varied for all cultivars throughout each season. It was 
interesting to note that leaf disks still supported high 
populations of yeasts, filimentous fungi, and bacteria following 
ten 10 washings each 10 minutes in length. This indicates that 
those microorganisms are likely to be resident epiphytes 
multiplying on the phylloplane. Casual epiphytes would have been 
removed from the washing. 
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The gemmisphere and phylloplane microflora obtained from 
Belchertown was similar to the quality of yeasts and filimentous 
fungi that were isolated from Wisconsin(Andrews and Kenerley 
1977), OhioCLeben 1972), England(Dickenson 1971), 
Germany(Stadelmann and Guggenheim 1978), and Pennycook and Newhook 
1981). Generally, yeasts and bacteria are most abundant and 
colonize a greater percentage of the leaf early in the season. 
The quantity of filimentous fungi is initially low, but increases 
to a greater percentage of the phylloplane as the leaves senesce. 
In all the studies above, including this one, microflora obtained 
from the gemmisphere was later isolated from the phylloplane. 
This indicates that the gemmishpere is a potential overwintering 
site for the phylloplane epiphytes, which may include plant 
pathogens and potentially benificial antagonists. 
While the drop assays on the 3 cultivars indicated that 
similar qualities of microflora were present on the phylloplane, 
it is interesting to recognize the rates that each group of 
microflora changed over time. Bacteria multiplied the fastest, 
followed by yeasts. Filimentous fungi often remained unchanged or 
decreased. These data indicate that a bacterium would have the 
potential for managing a disease such as apple scab, since wetting 
periods longer than 12 hours are necessary for completion of the 
disease cycle. 
In vitro antagonistic assays indicate that isolates of 
bacteria exist on the apple phylloplane with biocontrol 
capabilities. However, the bacteria were isolated infrequently 
and at random from each cultivar. This indicates that the 
bacteria were likely to have little if any role in the disease 
resistance of those cultivars. While the isolates obtained in 
this study inhibited the germination of pomi conidia by as much 
as 90% and statistically inhibited the growth of germ tubes. At 
present, this is commercially unacceptible compared to the 
efficacy of disease management obtained through the utilization of 
fungicides. Therefore, at present, one can manage diseases of the 
apple phylloplane with pesticides or through the planting of 
disease resistant apple cultivars with gemmisphere and phylloplane 
microflora that appears to be similar to the disease susceptible 
cultivars. 
Conclusion 
From this study, it can be concluded that: 
A. The quality and quantity of microflora in the gemmisphere 
and on the phylloplane of disease susceptible and resistant apple 
cultivars is similar. 
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B. Bacteria that are antagonistic to phylloplane 
microorganisms and Spilocea pomi are present on both disease 
susceptible and resistant apple cultivars. 
C. Because those bacteria are only occassionally isolated at 
random from all cultivars, they do not appear to have a role in 
the cultivars resistance to disease. 
D. When apple leaves are continuously kept wet, phylloplane 
bacteria increase the fastest, and to higher populations than 
yeasts or filimentous fungi. Yeasts may increase to 
concentrations 100 times below that of bacteria but, their 
increase lags, by 4-12 hours. Fungi may increase, decrease or 
remain the same. 
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